Objective: To examine whether parity or gravidity contributes to the development of the metabolic syndrome (MS). Results: Before adjustment for potential confounders, there were associations between the number of births and lifestyle and socioeconomic factors in both sexes. However, in women, but not in men, BMI, waist-hip ratio, triglyceride and glucose were positively associated with the number of birth after adjusting for a range of potential confounders. The age-adjusted prevalent MS increased with the higher number of birth and pregnancy in women, but the gradient for birth was steeper than that for pregnancies [odds ratio change per birth: 1.16 (95% CI: 1.11-1.22), p<0.001; odds ratio change per pregnancy: 1.11 (95% CI: 1.06-1.16), p<0.001], although attenuating the associations adjustment did not affect the significance of these findings. There was no association in men for the number of their partners' live births given the same analysis and similar shared living background with the women.
Introduction
The dramatic alterations in the hormonal milieu and body morphology during pregnancy among women, and other concomitant changes, may have detrimental effects on the body, promoting increases in the vascular risk factors associated with the metabolic syndrome (MS) in later life, including weight gain, increased blood pressure, insulin resistance, and dyslipidemia. [1] [2] [3] [4] [5] [6] [7] [8] Additional pregnancies, socioeconomic status, and lifestyle factors may also influence development of these risk factors. 9,10 By examining the effects of live births in women and those associated with the partners of the men, we aimed to establish whether parity or gravidity is associated with the development of the metabolic syndrome (MS).
Methods

Guangzhou Biobank Cohort Study
The Guangzhou Biobank Cohort Study is a collaboration between the Guangzhou Number 12
Hospital, Guangzhou, China and, the Universities of Hong Kong, Hong Kong and Birmingham, UK.
We plan to recruit about 30,000 older participants aged 50 or above from [2003] [2004] [2005] [2006] [2007] and to follow them up to examine environmental and genetic determinants of common chronic diseases in an older southern Chinese population. The hospital where the study is conducted has all the facilities of a general medium-sized hospital and an infrastructure for occupational health surveillance for workers of many factories and employees of some service industry. Guangzhou is the major city in southern China with a population of 7.25 million.
In developing countries such as China, the infrastructure，such as a client registration list of family physician, to facilitate cohort studies is not available. However, a community social and welfare association, "The Guangzhou Health and Happiness Association for the Respectable Elders", aligned with the Guangzhou government was chosen as a sampling frame, because it is a large association with branches throughout Guangzhou and its membership is open to anyone for a nominal, discretionary fee of 48 Yuan (US$ 6) per month. It has a city-wide network with around 100,000 members, approximately 9% of the Guangzhou older population.
The male and female participants were randomly recruited from the association's membership list of eligible subjects. About 5% of eligible subjects refused to participate, with less than 1% of females, and about 10% of males refusing. The males generally refused because of a cultural unwillingness of Chinese males to give blood due to the belief in an associated loss of 'shung qi' or 'life energy', and because of job commitments. There were also more women than men in the older population due to the longer life expectancy. Generally however most of the subjects were keen to participate as they could receive free health examinations. We only included those who were ambulatory, and not receiving treatment modalities which if omitted may result in immediate life threatening risk, such as chemotherapy or radiotherapy for cancer, and dialysis for renal failure.
Those with less immediate risk, such as those with a history of vascular disease or associated risk factors including diabetes and hypertension were not excluded from the study. The first phase 10417 participants were recruited during 2003-4. The study has received ethical approval from the Guangzhou Medical Ethics Committee of the Chinese Medical Association, Guangzhou, China.
All participants gave written, informed consent prior to participating in the study.
Measurements
Six full time trained nurses interviewed the participants, with all questions being computerized and the information collected and entered directly into the computer. Parity refers to the number of biological live births for women and, for men refers to their children, i.e. to the live births of their partners. Gravidity is defined as the number of pregnancies, including lost pregnancies and still births. Information on other reproduction associated factors (age at menarche, age at menopause, age at first pregnancy, history of miscarriage, pregnancy terminations, breast feeding, and use of contraceptive pills or hormone therapy) was collected in the women. In addition, information on socioeconomic factors (education, occupation, household income), lifestyle factors (smoking, alcohol drinking, physical activity) was collected. The demographic characteristics of the participants are shown in table 1.
Socioeconomic and lifestyle factors
Increasing births were significantly associated with education and occupation (all p values <0.001).
Participants with primary level education and manual occupation tended to have a greater number of births in both women and men (Tables 2 and 3 ). Similar associations between gravidity and the socioeconomic factors were found in the women (data not shown).
In women, there was a linear association between the number of births and smoking (p <0.001), but no significant association was identified for drinking (p=0.49). Both prevalence of smoking and drinking increased with an increasing number of pregnancies (p<0.001 and p=0.004). In men, both prevalence of smoking and drinking increased with a higher number of births (p<0.001 and p=0.021 respectively). Births and pregnancies were not associated with moderate physical activity in either gender (Tables 2 and 3) .
Reproduction associated factors
Increasing births were associated with older age of menarche, younger age at first pregnancy, more pregnancy terminations and longer duration of breast feeding (p values range from <0.001 to 0.019), but were not associated with age at menopause, miscarriage or use of contraception pills (table 2) .
Gravidity had a strong linear association with all reproduction associated factors (p values ranged from <0.001 to 0.0018).
Metabolic syndrome component risk factors
In women, age-adjusted systolic and diastolic blood pressures had strong linear associations with increasing pregnancies and births, but the association was not significant after full adjustment.
Regarding the risk of obesity, increasing pregnancies and births were associated higher age-adjusted BMI, and waist-to-hip ratio (all p<0.001). There was no association between BMI and pregnancy after full adjustment, while other associations remained significant. Age-adjusted total, HDL-, LDL-cholesterol were negatively and triglycerides were positively associated with pregnancies and births (p values ranged from <0.001 to 0.040). Except for triglycerides, the other associations were not significant after full adjustment (Tables 2 and 4) , whereas age-adjusted fasting glucose was not significantly associated with births, but was significant after full adjustment. In men, only age-adjusted mean BMI and systolic blood pressure were associated with the number of births, but they disappeared after adjusting for other factors. No significant associations were found between other metabolic risk factors and births (Tables 3 and 4 ). The age-adjusted means, prevalence of MS risk factors and potential confounders by gravidity in women were similar to those described in table 2 for parity (data not shown).
Prevalent MS
The age-adjusted and fully adjusted prevalence of MS by pregnancies and births are shown in figure 1 . In women, there was an ascending linear trend between pregnancies and births [odds ratio change 
Discussion
To our knowledge, this is the first study assessing the association between prevalent MS and the number of live births. We found some consistent associations between pregnancies and births with the MS and associated cardiovascular risk factors in Chinese women. Women with a higher number of pregnancies and births had a higher prevalence of the MS, with the association of births being stronger than that for pregnancy. Adjustment for socioeconomic and lifestyle factors had little effect on the odds ratios. As MS components are well documented risk factors for cardiovascular disease, 14 and people with MS are more likely to develop cardiovascular disease, [15] [16] [17] [18] our results are consistent with most large studies describing the association between births and cardiovascular disease.
9,10, 19, 20 Most previous studies found a modest relationship between births and BMI, and an increased trend of greater upper body fat distribution with an increasing number of births in women. contribute to the development of components of the metabolic syndrome. 24 However, data regarding the status of these conditions in the subjects during pregnancy are not available.
Although we aimed to study the association between pregnancies and births and MS in Chinese women, a crucial issue is whether the observed relationship between the syndrome and reproduction was due to biological processes initiated by conception, or whether other mechanisms are involved, 25 such as sociodemographic or lifestyle factors in response to the pregnancy or upbringing of children. Our results showed that lower education and occupation was associated with a greater number of pregnancies and births in women and men for the latter. These socioeconomic factors were also associated with increased smoking and alcohol consumption, apart from the latter in females, which therefore correlated with a higher number of pregnancies and births. However, adjustment for these factors did not change the association between pregnancies and births and the MS. It is difficult to discount entirely the role of unmeasured confounding factors. Socioeconomic status may not have been adequately controlled for by statistical adjustment for education and income. 5 The same problems may apply to lifestyle risk factors. We analyzed the data describing the men in the same way and found no relationship between births and MS and associated vascular risk factors, despite the broadly similar living background shared with the women in the study. The women showed greater effect of births than pregnancies on MS. Although births were highly correlated with pregnancies, theses two factors are not interchangeable as the latter included abortions. The duration of childbearing and the intensity of the hormonal effects of pregnancy would be less than that for a completed birth, and may explain the weaker effect of pregnancies on MS compared to that for live births. These results strongly suggest that there are some biological reproductive effects influencing MS and associated cardiovascular risks which persist in later life in Chinese women. The effect was unlikely due to lifestyle or sociodemographic factors.
Conclusions drawn from our cross-sectional design may be limited by possible biases. Survival bias (if those with a greater number of pregnancies and births had increased risk of premature death)
would lead to underestimation of the strength of association between pregnancies or births and MS.
Self-reporting of pregnancies or births could be subject to recall error. Some pregnancy losses are clinically unrecognized and not recalled. 5 However, live births are more likely to be fully recalled than pregnancies. The similarity of the distribution of the number of children for men and women, and the similar results by pregnancies and births, suggest that recall error would not have substantially biased our results. Our subjects are unlikely to be completely representative of the older population of Guangzhou, and in common with any older study population in a developing country they are survivors. Thus, caution is needed to infer population prevalences from this study.
However investigation of relationships within the study will only be biased if the probability of inclusion within the study varies according to the outcome of interest within levels of a predictor, which is unlikely, and there is no reason to think that any of these groups would have been more or less susceptible to the effects of parity or gravidity on vascular risk factors. Moreover, if survivorship were an issue we might expect different relationships in the older than the younger subjects, which was not apparent. The strengths of our study included: a) the large sample size; b) the criteria of MS were determined by physical and laboratory measurements and not by self-reporting; c) the comparison of MS-pregnancy association with MS-births in women and d) the analysis of the birth data in men showing that the result is more likely due to biology than lifestyle.
In the present study, the no births and infertility rate were 1.84% and 1.66% respectively in our
Chinese women, and the childlessness rate in our Chinese men was 1.28%, which are lower than those of other populations (3%) with little disease. 26 These are consistent with the strong Chinese culture preference for marriage and childbearing and the societal stigma associated with childlessness, and are supported by Liu et al's report of primary infertility overall in Chinese being 1.3%, 27 and the 1997 National Population and Reproductive Health Survey which showed that zero parity and zero gravidity rates were 2.23% and 1.56% respectively among women (urban) aged 45-49 years. 28 We did not include miscarriage, termination of pregnancy and the duration of breast feeding in the multivariate model. Obviously increasing pregnancies and births will increase these factors and there seems to be no biological mechanisms to suggest that they are associated with the MS.
Including these variables would result in over adjustment and under-estimation of the association between reproduction and the MS and associated cardiovascular risk factors. Further studies to examine the effect of lost pregnancy and breast feeding on the MS may be warranted.
In summary, higher pregnancies or births was associated with a consistent increase in the risk of MS in Chinese women even after adjustment for a range of potential confounders. As no association was found in men between births and the MS, the association with MS in women is likely to represent a biological response to pregnancy. Since 1980s, the Chinese government had implemented the one child policy strictly and the proportion of single birth women should have been increasing quickly. It should be interesting to assess whether such changes in reproduction pattern have any effect on the MS in the near future. Moreover, further research on whether parity could be an explanation for variation in MS in women and in sex ratio of MS in different populations is warranted. Values are means and prevalence (95% confidence intervals). All means, prevalence, regressions coefficients and odds ratios are age-adjusted, except for age. *Difference per increase of one birth: for continuous variables, regression coefficients of unit increase in the variables per increase of one birth; for dichotomous variables, odds ratio for increase in one birth. † Geometric means presented: regression coefficients represent increase in logged variable per increase of one birth.
21 Values are means and prevalence (95% confidence intervals). All means, prevalence, regressions coefficients and odds ratios are age-adjusted, except for age. *Difference per increase of one birth: for continuous variables, regression coefficients of unit increase in the variables per increase of one birth; for dichotomous variables, odds ratio for increase in one birth. †Geometric means presented: regression coefficients represent increase in logged variable per increase of one birth. *adjusted variables for women include: age, socioeconomic factors (education, occupation, house income and marital status), lifestyle factors (smoking, drinking and physical activity), reproduction associated factors (age at menarche, age at menopause, age at first pregnancy, use of contraceptive pills). Adjust variables for men include: age, socioeconomic factors (education, occupation, house income and marital status), lifestyle factors (smoking, drinking and physical activity). §Adjusted for the above factors and BMI. †Number of participants with complete data on all variables included in the fully adjusted model. ‡Regression coefficients represent increase in logged variable per increase of one pregnancy or birth. ** Difference per increase of one birth (pregnancy): for MS components, regression coefficients of unit increase in the variables per increase of one birth (pregnancy); for the MS, odds ratio for increase in one birth (pregnancy). 
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